Dargent-Molina P (INSERM Unite 149, 16 av. Paul Vaillant-Couturier, 94807 Villejuif Cedex, France), Hays M and Breart G. Sensory impairments and physical disability In aged women living at home. International Journal of Epidemiology 1996; 25: 621-629. Background. Studies of the impact of visual or hearing impairments on physical disability In older people have provided conflicting results. Furthermore, the consequences of the loss of such visual functions as depth perception or contrast sensitivity have rarely been studied. We examined the relationship of visual acuity, depth perception, contrast sensitivity, and hearing difficulty to the ability of older women living at home to accomplish instrumental activities of daily living independently. Methods. Data on self-reported physical disability and hearing impairment, as well as objective measures of functional vision and physical ability were collected from a sample of 1210 community-dwelling women aged 75 years and older. Multivariate logistic regression modelling was used to assess the strength of the association between physical disability and sensory impairments, controlling for age, education level, motor limitations, and prevalent chronic diseases. Results. Women with low visual acuity or low contrast sensitivity were significantly more likely to be physically dependent than women with good vision. Contrast sensitivity was, however, a better predictor than functional acuity, after controlling for age, education level, motor limitations and chronic medical conditions (adjusted odds ratio: 5.1; 95% confidence interval: 2.0-12.9). Depth perception was not related to physical disability. Women with serious hearing difficulty had significantly increased odds of dependency (4.1; 1.4-12.1). Conclusions. Severe sensory impairments are strongly related to physical dependency in older women. It may be useful to add a test of contrast sensitivity to the traditional acuity test to predict better which elderly individuals may have difficulty carrying out routine daily activities.
Age-and disease-related visual or hearing loss may seriously compromise an older person's ability to accomplish routine daily activities. Assessing the impact of these sensory impairments on functional capacities is particularly important since they are very common in old age 1 ' 2 and can often be effectively treated by adaptive devices, changes in the environment, medication or surgery. 3 " 5 Several cross-sectional 6 " 9 and longitudinal studies 10 " 13 have assessed the influence of sensory impairments on physical disability, but multiple methodological problems have led to conflicting results. Many studies did not control for potentially important confounders such as chronic disease states 6 ' 8 ' 10 ' 12 ' 13 or musculo-skeletal impairments. 7 ' 8 ' 1Of "' l3~'3i Furthermore, only a few investigations have used objective measures of visual function 8 ' 9 ' 15 and these measures were usually restricted to the assessment of visual acuity. 8 ' 15 Other aspects of vision, such as contrast sensitivity and depth perception, are modified with age and may influence physical function. Measurement of these other aspects of vision may be important to understand better how visual impairment leads to disability and to identify older subjects who may have difficulty carrying out routine daily activities. Contrast sensitivity testing, for instance, assesses the ability to see targets of various sizes and contrasts existing in the everyday environment while acuity testing simply assesses the smallest target that can be seen under maximum contrast (black letters on a white background). Therefore, contrast sensitivity may better reflect the difficulties older people have in carrying out simple daily tasks such as reading signs and labels, locating where things are in space (e.g. clothes, food, chair), or moving around with confidence. 16 " 18 Decrements in visual acuity, contrast sensitivity and depth perception have also been associated with falls 19 ' 20 and hip fractures 21 -22 which could subsequently affect physical independence. 23 ' 24 The increased risk of fall may be partly related to altered imbalance. Vision cues play a significant role in maintaining posture. 25 " 30 They are thought to be particularly useful in both slow body (particularly upper extremity) reorientation after a displacement and rapid stabilization of the body working upward from the feet. 31 Moreover, elderly subjects may become increasingly dependent on vision for compensatory balance control as feedback on posture and gait from the proprioceptive and vestibular systems become impaired with age and chronic health problems. 32 -36 Objective measures of visual acuity, depth perception and contrast sensitivity, as well as data on hearing impairment (subject self-report and interviewer's subjective assessment) were collected from a large sample of community-dwelling elderly women who participate in EPIDOS, a French multicentre prospective study of risk factors for hip fractures. The baseline examination also included a series of standardized tests of neuro-muscular performance assessing gait, balance, strength and motor coordination. We therefore used these data to examine the association between visual and hearing impairments and the ability to accomplish instrumental activities of daily living (IADL) independently, while we controlled for important confounders such as age, education, chronic disease states and neuromuscular impairments. We were particularly interested in assessing whether a more thorough evaluation of functional vision, including depth perception and contrast sensitivity as well as visual acuity, would improve prediction of ability to carry out routine daily activities.
METHODS

Study Population
This analysis used baseline data collected about a cohort of 1210 community-dwelling women aged 75 years and older. Participants were volunteers who were recruited between January 1992 and September 1993 from general population lists such as electoral rolls and health insurance membership lists in Paris and a nearby suburb (Boulogne-Billancourt). The cohort represents the Parisian sample of a larger multicentre prospective study, called EPIDOS (EPIDemiology of Osteoporosis), of risk factors for hip fractures. Women who have a history of hip fracture or hip replacement were excluded, as were those who were not ambulatory. For the present analysis, we also excluded women who were living in housing for the elderly and those who had a Pfeiffer test score of cognitive function below 6. The baseline examination was conducted in our Parisian clinic centre by trained nurse-interviewers. It included administration of a structured questionnaire and tests of physical performance and visual function.
Measurements
Women were asked whether they were able to perform instrumental activities of daily living (IADL) (housekeeping, food preparation, grocery shopping, laundry, taking public transportation, using a telephone, managing business papers, and taking medication) without personal assistance. 37 In these analyses, we used a dichotomous measure of physical dependence: 'fully independent' versus 'needs help with one or more IADL'.
Women were also asked whether they usually wore a hearing aid (yes/no) and whether they had difficulty (even with their hearing aid) following a conversation involving several people (no/some/serious difficulty). To discriminate further among the women who reported a great deal of difficulty, we used the nurse's subjective evaluation of whether the woman had serious difficulty hearing the questions. Accordingly, we created a threelevel indicator of hearing difficulty that included the following categories: no or some difficulty reported by the woman; serious difficulty reported by the woman but not by the nurse; serious difficulty reported both by the woman and by the nurse.
The visual function screening examined corrected binocular distant visual acuity, depth perception and contrast sensitivity. Visual acuity was measured at a distance of 5 metres with a Snellen letter test chart. The acuity levels discriminated by this test extend from 1/10 to 12.5/10 (decimal scale). We classified women into four categories according to standard clinical cut-off points: 2/10 or less, 3 to 4/10, 5 to 7/10 and 8/10 or better. On the American scale, these categories correspond to: 20/100 or less, 20/70 to 20/50, 20/40 to less than 20/25, and 20/25 or better.
Depth perception was measured with a Randot 'stereotest' that contains contoured circles at nine levels of disparity. The test differentiates stereopsis levels ranging from 800 to 40 seconds of arc at 40 centimetres. We classified women into three categories according to standard clinical cut-off points: 200 s of arc or more (worst stereoscopic acuity), 140 to 80 s of arc, and 60 s of arc or less (best stereoscopic acuity). For the two tests described above, women who reported functional blindness were included in the most severe impairment category without being tested.
Contrast sensitivity (CS) was measured with a Vistech (VCTS® 6500) wall chart consisting of five rows of circular patches of sine wave gratings (alternating dark and light bands). Each row of the chart corresponds to a different spatial frequency. At 3 m distance, the spatial frequencies tested are: 1.5, 3, 6, 12 and 18 cycles per degree (c/deg) of visual angle. Within each row, the level of contrast of the patches diminishes from left to right. The lowest contrast patch that an observer can see correctly in each row of the chart is the observer's CS for that spatial frequency. CS values have no unit and range from 3 to 260. Women with very low visual acuity (less or equal to 2/10) did not take the test and were assigned CS values of zero. In addition, we constructed a summary measure which we defined as the number of CS values (from 0 to 5) outside the normal range proposed by Ginsburg 38 that is currently used in clinics.
Motor limitations were assessed both by self-report and by objective measures of neuro-muscular performances. Women were asked if they had difficulty (no/some/serious difficulty) performing various body movements including walking, going up and down stairs, standing up from a chair, bending over, lifting heavy weights, reaching up, putting on socks and getting up from bed. The measure used in these analyses corresponds to the number of movements performed with great difficulty (ranging from 0 to 5 or more).
The women were then asked to take a battery of standardized tests of physical performance, selected from several recent epidemiological studies of the elderly.
19 -20 -39 "" The measures included a) the time needed to stand up and sit down five times with arms crossed (chair stands), b) the time used to tap one foot back and forth ten times between two circles 30 cm apart while sitting (foot tapping) and c) the time required to walk a 6 m course at normal speed. For each test, women were classified into four categories according to quartiles of distribution. Static balance was assessed by a graded series of tests developed by Cummings and Nevitt 20 ' 39 including tandem (heel-totoe), semi-tandem and side-by-side stands. A score was constructed that assessed the most difficult position the woman could hold for 10 s (3 = tandem, 2 = semitandem, 1 = side-by-side). Women who failed to hold the side-by-side position for 10 s were assigned a score of zero. Dynamic balance was also assessed by testing the woman's ability to walk with the heel of the front foot touching the big toe of the rear foot (tandem walk). We recorded whether the woman was able to do four consecutive tandem steps.
Age, education level, and self-reported prevalent diseases (hypertension, angina, stroke, diabetes, Parkinsonism, depression) were also recorded and included in the multivariate model as potential confounders.
Analysis
The statistical analysis involved two major stages. In the first step, we considered the three following categories of impairments: vision, hearing and motor impairments. Within each of these categories, we performed a crude and age-adjusted bivariate screening to select the most predictive variables for the multivariate analysis. We used x 2 tests of significance to assess the crude association between each variable and physical disability. Significant predictors (P < 0.10) were then introduced into separate logistic regression models that included age. When several variables (within the same category of predictors) were significantly associated with physical disability (P < 0.05), we used stepwise forward logistic regression techniques to select the most predictive variable(s).
In the second part of the analysis, all selected variables were entered into a single multivariate logistic regression model together with age, education level, and prevalent diseases. The independent effect of each predictor variable was assessed by computing odds ratios (OR) and corresponding 95% confidence intervals (CI). We used SAS software (SAS Institute Inc., Cary, NC) to compute % 2 tests in the crude analyses and the BMDP computing package (BMDP Statistical Software, Los Angeles, CA) to fit logistic regression models in the age-adjusted and multivariate analyses.
RESULTS
General characteristics of the study population are presented in Table 1 . The mean (SD) age of the women was 81 (3.7) years. Slightly more than 20% (246/1210) reported that they were unable to accomplish one or more IADL without help. Disability was most commonly reported for the following activities: housekeeping (10.2%), using public transport (8.1%), doing the laundry (7.4%), and managing business papers (5.6%).
Crude and Age-Adjusted Association of Sensory Impairments and Physical Disability
There was an inverse and statistically significant association between physical disability and visual acuity (P < 0.001), depth perception (P < 0.05) and contrast sensitivity at all spatial frequencies (P < 0.005) ( Table 2 ). After adjustment for age, women were significantly more likely to report physical disability when they had very poor visual acuity (OR = 2.3) and lower CS (e.g. OR ranging from 2.2 to 5.9 at 6 c/deg); however, the association between physical disability and near depth perception was no longer significant.
We performed a stepwise logistic regression to identify, among the six CS measures, the best predictor(s) of physical disability. CS at the medium frequency (i.e. at 6 c/deg) emerged as the single best predictor of physical disability. We then used a similar procedure to determine which visual impairment variables (acuity and/or CS at 6 c/deg) to include in the multivariate analysis. Again, CS at 6 c/deg appeared to be the single best predictor of physical disability after adjusting for age. Wearing a hearing aid was not associated with physical disability (Table 3) . On the other hand, there was a positive, statistically significant association between reported hearing difficulty and physical disability (P < 0.001). The association remained significant after adjustment for age. In particular, when both the woman and the nurse reported serious hearing difficulty, the odds of physical dependence were multiplied by 4.6(95%CI : 1.9-11.5).
Multivariate Model of the Association between Sensory Impairments and Physical Disability
Based on age-adjusted bivariate screening, CS at the medium frequency (i.e. at 6 c/deg), reported hearing difficulty, and several motor limitation variables (selfreported difficulty performing common body movements, walking speed, time for 10 foot taps and ability to do tandem walk) were included in the final logistic model together with age, education, and chronic disease states. Table 4 presents the adjusted OR and corresponding 95% CI for the sensory impairment variables. Women with decreased CS had increased odds of dependency in carrying out one or more IADL. The association was particularly strong for women with CS equal to zero (adjusted OR = 5.1, 95% CI : 2.0-12.9). Women with serious hearing difficulty (assessed by both the woman and the nurse) also were significantly more likely to be disabled (4.1; 1.4-12.1).
DISCUSSION
One of our most important findings is that loss of contrast sensitivity vision is strongly associated with the ability to carry out routine daily activities independently. The observed association is unlikely to be due to bias. The first reason is that almost all study participants were tested for CS. Second, the women's responses to Lawton's questions about IADL should not have influenced the results of the vision tests: our nurse-interviewers were specially trained to administer standardized vision tests. Third, we have controlled in the analysis for important confounders such as age, prevalent chronic diseases, and motor limitations. We also screened out women with moderate to serious cognitive impairment. It is possible that women with mild cognitive deficit (with Pfeiffer score >5) had more difficulty in understanding how to read the CS chart and, consequently, performed less well than they should on this test. This would tend to overestimate the negative association between CS level and physical dependency. However, given the strength of the observed association (OR = 5 for very low CS), it is unlikely to be completely explained by a residual confounding effect of cognitive function. Finally, our population of volunteers is not representative of the general population of elderly women and it may be that women who were in general sicker and more disabled did not enrol in the study. However, this would tend to minimize the observed association. Therefore, in the general population of home-living elderly women, this association may be even stronger.
To our knowledge, only one other study has evaluated CS as a correlate of functional status in elderly individuals living in the general community. 9 Ensrud et al. reported that CS was significantly associated with physical and instrumental ADL after adjustment for age but was not an independent predictor of disability in a multivariate model adjusting for various other potential confounders. One explanation for the differences between the two studies may lie in the differences in the CS measures chosen. Ensrud et al. used the average of the contrast measures at all five frequencies as the measure for their analysis. Since CS is differentially affected by age 42^4 and diseases 45 " 48 at different frequencies, this summary measure may attenuate differences in the effect of specific CS measures on physical disability. Differences in population age may also explain these discrepant results. The women studied by Ensrud et al. were, on average, 10 years younger (mean: 71.7; SD: 5.3) than those included in our study, and onlyl0% of them were over 80 years of age. It is possible that the relative importance of visual impairments as a determinant of physical disability increases as women grow older.
In concordance with previous reports, 8 - 15 we found that low visual acuity was also significantly associated with increased physical disability after adjustment for age. However, using a stepwise regression procedure to select the most predictive vision parameter(s), we found that CS at the middle frequency was the strongest predictor of physical disability and that adding visual acuity to the model did not significantly improve prediction. It has been increasingly recognized that acuity often fails to predict the day-to-day visual problems elderly patients face. 16 " 18 Acuity measurements determine the smallest detail that the subject can see under maximum contrast (black letters on a white background) while CS testing provides a comprehensive evaluation of visual function over the wide range of sizes and contrasts existing in the everyday environment. A recent report provides direct evidence that CS testing can effectively predict how well subjects see targets typical of everyday life (i.e. faces, road signs, and commonplace objects). 49 In this report, although acuity significantly correlated with thresholds for realworld targets, the inclusion of acuity as a predictor variable did not increase the predictive value of the model. In our population, visual acuity and CS at the middle spatial frequency were significantly associated (P < 0.001). Among women who reported serious visual difficulty (in reading, watching TV, recognizing familiar faces, or moving around), almost 7% had good visual acuity (& 8/10). Among women with good visual acuity, however, the CS at the middle frequency of approximately 55% of the subjects was equal to 45; it was equal to 21 for 18.6% and below 11 for 3.1%.
Vision in general, and CS in particular, may also indirectly affect physical function through reduced mobility 10 ' 13 ' 50 ' 51 or increased risk of falls and subsequent fractures. 19 " 22 The increased risk of falls and injuries may be related either to a reduced ability to detect and discriminate environmental obstacles 26 or to impaired postural control. 29 In older adults, decreased contrast sensitivity and decreased visual acuity are associated with increased sway on a firm support surface. 52 Interestingly, we found no significant association between depth perception and physical disability after controlling for age and motor limitations. This is in agreement with Ensrud's results 9 and suggests that older people are quite able to compensate for this visual deficit in maintaining the independence of their daily life activities.
Another important finding is that severe hearing difficulty (assessed by both the woman and the nurse) is strongly and independently associated with physical dependency. The strength of this association is particularly remarkable given the subjective nature of the data on hearing impairment. These results are consistent with prior cross-sectional reports that have related more sensitive measures of hearing loss (free-field voice testing or pure tone audiometry) to physical disability. 7 ' validated against audiometric tests in older women. 53 Our results suggest that, combining woman's selfreport to a health professional subjective assessment of hearing difficulty may increase the specificity of detecting hearing impairment serious enough to affect physical independence. One important and obvious effect of hearing impairment is diminished communication ability. However, it has also been associated with reduced mobility. 7 - 54 The causal mechanisms for this association remain unknown. Our results, however, suggest that auditory cues may be more important than previously recognized for successful physical interactions with the environment. It is important to notice that, in our population, more than half of the women who had serious hearing problems (as reported by the nurse and the woman) did not usually wear a hearing aid.
Interestingly, usual hearing aid use was not significantly associated with physical disability. Many elderly people try hearing aids but give them up because they do not help. Therefore, one can hypothesize that people who usually wear a hearing aid are those who feel that it does help them effectively. Indeed, in our population, only 40% of hearing aid users reported having serious hearing difficulty (even with their hearing aid). This probably explains why there was no significant association between hearing aid use and physical disability while there was a significant association between self-reported hearing difficulty and physical disability.
Several limitations of the study must be kept in mind when interpreting the results. First, the participants were generally healthy volunteers living in the community: our findings may not apply to elderly individuals with higher levels of disability, such as those living in nursing homes. Second, the cross-sectional nature of our study does not allow inference of temporal or cause-effect relationships. It is unlikely that physical disability would cause sensory impairment. However, a more serious issue relates to the fact that both sensory function and physical ability decrease with ageing so that sensory impairments may simply accompany physical disability. Similarly, sensory function and physical ability may be simultaneously affected by an underlying chronic disease (e.g. diabetes). Although we were able to control for age and several chronic diseases in the analysis, the confounding effect of ageing and other medical factors may not be completely taken into account. The relationships between sensory impairments and IADL dependency may be indirect and complex. In future studies, it may be helpful to look at specific categories of physical impairment or at various levels of impairment severity to elucidate these relationships.
In conclusion, we found that severe visual and hearing impairments were strongly related to dependency in routine daily activities in older women. The observed associations were independent of age, chronic disease states, and motor limitations. Visual acuity is the traditional measure of pattern vision and its simplicity makes it irreplaceable. Our results suggest, however, that it would be useful to add to this test a test of contrast sensitivity to predict better which elderly individuals may have difficulty carrying out routine daily activities necessary for maintaining an independent life. In the past few years, there have been efforts to produce easy-to-administer, standardized chart testing procedures for measuring CS that can be used in general clinical practice and large-scale population research. 42 ' 35 ' 36 Furthermore, several reports suggest that CS screening may allow the early detection of glaucoma in elderly patients. 47 ' 57 " 39 Other reports show that CS testing provides a more effective and accurate tool than acuity for objectively documenting the severity of vision loss from cataracts, making possible a better assessment of the need for surgery. 44 ' 60 Additional research is needed to determine the extent to which visual function screening including CS testing may lead to specific action (treatment of specific diseases, prescription of adapted corrective devices) and to assess the effectiveness of these actions in preventing or postponing decline in physical function among community-dwelling elderly. Similarly, further research will determine whether early identification and management of hearing impairments will lead to better health and functional outcomes for older individuals.
